Abstract. Supply chains have been proposed as complex adaptive systems. This paper looks at the global aluminum supply chain network in those terms. Developments in this industry have included formation of a cartel by bauxite producing countries, emergence of Australia as a leading producer, the collapse of communism in Europe, and the rise of Chinese production in all phases of primary aluminum production. Complex adaptive systems literature is reviewed, and the world aluminum production system described. This includes identification of system elements, their relationships, interactions, and developments. Analysis in terms of how this production system exhibits complex adaptive systemic behavior across the supply chain is provided. The decentralized behavior of the overall primary aluminum system provides understanding of how individual agents, be they multinational firms, individual governments, or cartels are unable to totally control the system in the long run.
Introduction
Supply chains have become critically important elements of global business. The study of supply chain management unites procurement, operations and distribution into a unified discipline [1] . Supply chain networks involve high levels of interdependence [2] . The idea was important to military operations throughout human history, was critical in vertically integrated industries during the industrial revolution, and continues in today's more open economic structure. Supply chains also are important in other human efforts, to include disaster relief [3] .
Supply chains have been suggested to be complex adaptive systems [4, 5] . Contemporary global business has seen the passing of vertical integration (for many sectors anyway), replaced by supply chains of cooperating but at least quasi-independent entities. Supply chains usually emerge rather than result from the purposeful design of a single controlling entity [6] . McCarthy et al. [7] and Choi et al. [8] applied the concept of complex adaptive systems to core manufacturing firms within supply chains. The paradigm of 0167-2533/15/$35.00 © 2015 -IOS Press and the authors. All rights reserved complex adaptive systems for supply chains is useful in that it explains how unanticipated emergence often is observed. The ability of supply chains to adapt in this complex, dynamic, and interdependent environment has been labeled resilience [9] . This paper presents the global primary aluminum industry viewed from the perspective of complex adaptive systems.
Literature review
Viewing supply chains as adaptive systems has provided insight in a number of studies. Closs et al. [10] used a socio-technical systems theoretical perspective to view how organizations cope with product complexity. Parmigiani and Rivera-Santos [11] looked at how multinational corporations could resolve system voids in product, labor, and capital markets, to include addressing regulatory ambiguities and missing contracting mechanisms often found in supply chain sourcing. Information systems have been cited as a means for manufacturing components of supply chains to improve business performance through electronic collaboration [12] and have been proposed as tools for supply chains to assimilate innovation [13] . Systems perspectives also provide a perspective with which the sustainability of supply chains can be assessed [14] .
Supply chain systems
Systemic aspects of supply chains arise inherently because they are collections of independent agents, unlike vertical hierarchies. While vertical integration was considered appropriate during the industrial revolution and gilded age (see Standard Oil, US Steel, Alcoa) probably because their investors wanted to fully control their markets as well as extract every cent of profit, vertical hierarchy inevitably leads to some elements of the chain being relatively inefficient.
Aluminum is a major product in global business, a key component of products from beverage cans to airplanes. The history of the aluminum industry is quite interesting [15] , evolving in a shifting locus centered in Europe in the 19th Century, North America in the first part of the 20th, and continued evolution today toward Australia, Brazil, and China [16] . The aluminum industry is a complex system that has adapted to change due first to exhaustion of raw inputs, but also to a number of political factors such as World War II, and associations of producing nations in the past 50 years, as well as links to the availability of inexpensive energy.
Systems theory and supply chains
Systems theory is a well-developed field [17] , extending ideas often originally arising from sciences, but providing many valuable concepts useful in business [18] and social systems [19] . Holland [20] studied adaptation in systems. Senge [21] was an early proponent of systems theory in learning organizations. Gharajedaghi [22] considered the value of systems thinking in complex and chaotic domains.
There are a number of systems concepts that are appropriate to supply chains. First is the idea of system organization. Williamson [23] argued that uncertain, frequent, transaction-oriented business calls for organizations. There are two extreme types: markets work well with straightforward exchanges, but involve high levels of uncertainty. Hierarchies provide means to cope with bounded rationality and opportunism to cope with this uncertainty, but introduce inefficiencies. Powell [24] viewed networks of organizations as means to gain the efficiency of markets in today's global business environment.
Complex adaptive systems are viewed as having a life of their own [25] , which they labelled autopoeisis. Autopoietic systems are capable of creating and maintaining themselves. While Maturana and Varela were interested in living cells, the ideas apply to sociological systems as well. Supply chains certainly fall into that realm, as they often consist of independent agents that might participate in all parts of a supply chain in a temporary sense, with new sources entering through market competition. Thus instead of John D. Rockefeller forging a rigid hierarchical Standard Oil Trust, a more efficient (and more chaotic) free market might arise. Complex adaptive systems are thus said to exhibit emergent behavior [26] .
The butterfly effect is used to visualize the phenomenon of emergence within complex systems. The butterfly effect refers to the concept that the flapping of a butterfly's wings half a world away could lead to magnification in the weather system resulting in a hurricane across the globe. This implies that phenomena emerge from a collection of interacting objects in a complex, nonlinear fashion evading precise modeling [27] . System development is viewed as one-way, or irreversible [28] . System elements interact through feedback. The hope is that understanding object relationships can lead to understanding at the macrolevel, and might lead to better prediction and control (although nonlinearities often make precise modeling impossible).
Complex adaptive systems
This document seeks to view this industry as a complex adaptive system (CAS). That perspective looks at behaviors and effects of system elements to include evolution of the system over time, with self-organization when faced with threatening change. The CAS view looks at intertwined relationships among system elements, sometimes cooperative, sometimes competitive. CAS views system components below:
• Elements -agents, with different degrees of autonomy, interactions, and learning.
• Behaviors -co-evolution and self-organization when faced with challenges.
• Effects -adaption that is often non-linear and/or irreversible.
Supply networks are very important to contemporary global business. Practically every product marketed today is delivered to customers via some supply chain. Table 1 shows Holland's [29] characteristics of supply network elements:
CAS supply networks can exhibit behaviors such as self-organization. They are often characterized as operating on the edge of chaos, with structures emerging in response to a changing environment. A common supply chain behavior is the bullwhip effect, with inventories exploding in various parts of the supply chain due to rapid changes in demand that induce reactive response.
We will seek to evaluate how the global aluminum production system has exhibited some of these features. 
The aluminum industry
The aluminum production system consists of mining bauxite, refining bauxite into aluminum oxide (alumina), and smelting alumina into aluminum. The production facilities are thus bauxite mines, alumina refineries, and aluminum smelters. Bauxite is a very common mineral found practically everywhere, but in highly variable levels of quality (as measured in the amount of ore needed to obtain a ton of alumina). Bauxite mines are usually strip mines, and bauxite mining is often deleterious to the environment. Alumina refining is capital intensive, and since the volume of ore required to obtain a ton of alumina is high, refineries have a tendency to be found close to mines to cut transportation costs. However, mines are often found in places with low levels of infrastructure, so it is not always the case that refineries are co-located with mines. It may take 2.6 tons of bauxite to generate a ton of alumina, with the ratio varying significantly by location. The next stage of production is smelting, where a more consistent ratio of 1.93 tons of alumina to generate a ton of primary aluminum. Primary aluminum is then passed on to producers of aluminum materials, be they cans, siding, automobiles, planes, etc. There is a secondary market for aluminum (recycling). However, this volume is not nearly on the same scale as the primary aluminum market.
History
Aluminum production on a large scale began in Europe, with Pechiney (a French firm) being a pioneer in the 19th Century. A common occurrence has been that the viable bauxite deposits (in terms of economic feasibility) are depleted over time. Thus French and other European sources of bauxite were to a degree depleted, and the bulk of production moved on to North America. Alcoa in the United States was a major producer in the 20th Century, but US deposits of bauxite were soon depleted in turn (with Arkansas mining lasting until the 1990s). Alcan in Canada spun off from Alcoa, but Canadian bauxite also was exhausted for the most part. Pechiney, Alcoa, and Alcan then obtained rights to Caribbean sources in the 1960s, with especially rich deposits in Jamaica, Surinam, and Guyana.
As former colonies grew independent after World War II, they often reviewed prior arrangements with developing firms such as Pechiney, Alcoa, and Alcan, seeking what they perceived to be fairer sharing of proceeds. In the 1970s, inspired by OPEC, Jamaica was a driver in the formation of the International Bauxite Association (IBA), organizing bauxite producing nations into a cartel to counter what they saw as unfair accounting and pricing controlled by the producing firms. Australia at that time had a liberal national government, which committed Australia to join the IBA. However, Australian bauxite mines, which had a relatively low quality, were located in provinces controlled by conservatives, who opposed the IBA in principle. Ensuing events found an interesting shift in production away from the more militant IBA members in the Caribbean to Australia.
We now review some statistics relating to the primary aluminum industry, based on annual reports of the United States Coast and Geodetic Survey's Mineral Industries relating to Bauxite and Alumina and on Aluminum.
Demand
The demand for aluminum follows world economic output. Figure 1 shows a fairly steady increase in demand for primary aluminum, with notable recessionary periods in the early 1980s, the early 1990s, the dot-com bubble of 2001, and the real estate bubble period around 2008.
Price
The price of aluminum was quite stable (essentially set by the oligopoly of producing firms) until the IBA was created in the mid-1970s. After that, you can see that the price of aluminum has been highly volatile. Figure 2 provides a long-range view of this price.
There was a slight drop in price in 1973 with the recession induced by OPEC. But by 1980, the price had risen to almost 80 cents per pound. The recession of the early 1980s led to declines in demand, but by 1990 a peak over $1 per pound was reached. This was followed by a crash back to below 60 cents per pound, finally recovering in the early 2000s, until the recession of 2008 when the price again plummeted. An easier to follow graph of more recent prices shows that recessionary drop with subsequent recoveries peaking in 2011, and then tailing off to just above 80 cents per pound. Figure 3 looks more closely at recent changes in aluminum price averages per year. Figure 3 shows the impact of reduced economic activity after the real estate bubble burst in 2008. By 2011, things recovered, but have been fairly stagnant (and declining) since.
Bauxite production trends
We have categorized bauxite producing countries by category. The international bauxite association (IBA) has continued to provide the bulk of bauxite produced, but the BRIC countries are catching them. This is especially true for China. Centralized countries (excluding Russia, which is part of BRIC) and European countries are dropping out as significant players. As shown in Fig. 4 , Australia soon took over dominance in the production of bauxite during the 1980s, replacing Caribbean countries. In the 2000s, China and Brazil have become major contenders as well. Figure 5 shows the trends for the five leading IBA bauxite producers. Three of these were Caribbean IBA stalwarts (Jamaica, Suriname, and Guyana). Guinea has rich deposits in Africa, which have been directed to Europe at least in part.
Bauxite production figures in the Appendix show more clearly Australia's dominance within IBA, as well as the growth in each BRIC country. It can be seen that Australian production rapidly took off in the 1970s, and has continued that upward trend while the other major IBA producers have seen relatively flat (if not declining) production. We contend that this is due to systemic response on the part of industry firms to shift production to the more politically favorable Australian sources.
Alumina
Alumina production has been steady, in part because of the high capital expenditure required to build refiner- ies. However, in the 200s China has pulled ahead to become the highest volume producer of alumina. Figure 6 shows sector production of alumina refining by year. Figure 6 shows that alumina production has seen upward growth in total. But this growth is occurring more in BRIC countries (especially China), while IBA and developed economies have had flat growth trends. The Appendix production figures for alumina show that within the IBA, only Australia has had consistent growth. All of the BRIC countries have higher production. Figure 7 displays alumina production within the IBA. Australia has obviously seen the bulk of growth in production. Yugoslavia was a promising alumina producer until its dismemberment in the early 1990s. The other three major IBA producers have had steady (in the case of Surinam) to declining production (for Jamaica and Guinea).
Aluminum
Production of aluminum requires high volumes of electricity. A number of countries have energy sources enabling them to participate at a high volume. The Canadian government created large hydroelectric capacity in British Columbia, enabling it to become a major producer. Interesting new entrants into this field are the United Arab Republic (mostly Dubai) relying on the use of flare gas from oil production, and Iceland, relying on thermal energy. But Fig. 8 shows that China has again become the producer with the greatest growth in the past ten years.
World smelting of aluminum has trended upward over the period of analysis, with temporary declines in response to recessionary periods. Figure 8 shows, however, that the bulk of growth since 2000 has been in China. The Appendix figures for aluminum show the US production way down, that for China way up. New smelting has occurred in Dubai, Saudi Arabia, Qatar, and Mozambique.
Trade networks
The networks of trade are primarily expected to be determined by economics, complicated by the inertia imposed by high capital costs for refineries and the availability of massive quantities of energy required by smelting. In the 1970s, the trade between the Caribbean and the US was very strong. As we have discussed, this has changed to some degree. Liu and Műller [33] provided material flow analysis of the aluminum industry. They state that currently the Southern hemisphere is the main primary resource supplier, while production and consumption are found concentrated in the Northern hemisphere. Their data in 2008 showed that Australia, Brazil, Indonesia, Jamaica and Guinea were the leading net exporters or resources, with Russia, Spain, Canada and Norway centers of production and the US, China, and Japan the biggest net importers. Germany had high levels of activity in both production and consumption (as did China).
As to trade routes, Australia was a heavy shipper to China and Japan, but also sent products to refineries in the Middle East and to the US. China exported primary aluminum around the world, but consumed the majority of its output. Guinea shipped bauxite to Europe for the most part. Brazil serviced both the US and Europe. Caribbean sites shipped to different sites, to include Guyana connections to Russia. China was seen to stand out in its growth to count for nearly a quarter of the global total, to include nearly half of primary aluminum production.
The aluminum CAS
The aluminum system can be better understood by viewing the relationship of production facilities.
The primary aluminum system
Integration across the primary aluminum supply chain has varied. Guyana has become solely a bauxite exporter. Jamaica and Guinea have evolved into exporters of refined alumina. Suriname and Australia have the complete production facilities through smelting. Within BRICS, most have the full supply chain capabilities, with the exception of South Africa which needs to import alumina for its smelters. The declining sector of Europe and North America see some change. Greece and Spain have facilities in all three production types. Canada imports bauxite, as do Ireland and Japan. Ireland exports bauxite to smelter, including places like Iceland and Norway. Japan used imported bauxite (from Australia) to refine and smelt.
Before the 1970s, the aluminum industry was dominated by firms, just as most industry was from the dawn of the industrial revolution. Massive amounts of capital were needed for construction of production facilities (refineries and smelters) utilizing breakthroughs in technology. Pechiney in France, Alusuisse in Switzerland, and Alcoa in the United States developed vertical monopolies. The demand for aluminum skyrocketed with World War II. In the United States, the Federal Government took action to assure supply of war materiel by taking some of Alcoa's facilities and creating others, enabling the entry of other firms such as Kaiser into the market.
The nature of bauxite deposits led to their depletion, first in Europe, then in the US, leading to efforts to find new sources. The most economical new sources (in terms of processing differences due to quality of ore,
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as well as shipping) led to identification of attractive deposits in Jamaica, Guyana, and Suriname, as well as in Guinea. Massive (although not as high quality) ores were found in two dispersed areas of Australia as well. The formation of the International Bauxite Association in 1974 (led by Jamaican Prime Minister Michael Manley) disrupted the vertically integrated industry. Caribbean IBA members renegotiated arrangements with aluminum firms. In Jamaica's case, they obtained controlling interest (51 percent) of Kaiser facilities, Suriname allowed continued firm ownership but wrested decision making control, while Guyana relied on expropriation. Meanwhile, Australia, which had opened some highly productive mines, elected a highly liberal national government under Don Dunstan, who viewed the IBA very favorably. This was balanced by provincial conservative politics, which were quite favorable to Alcoa and aluminum development firms. Thus while Australia was a part of IBA, they operated quite independently. Australia has the full spectrum of production, although their limited energy supply makes them a minor smelter (as is Surinam).
A major change is the shift of demand to BRIC countries. All four (all five if you make it BRICS) are involved in the aluminum industry. The fifth, South Africa, is only involved in smelting. But China has surged to the top in all phases of the industry, while
Brazil and India also have demonstrated impressive growth. Venezuela is also an integrated participant in all phases of the industry. Meanwhile, in Europe, Ireland and Spain have appeared as alumina refiners, while Norway and Iceland utilize some of their spare energy to smelt aluminum. In the Middle East, Iranian production levels are still relatively small. More interesting is development of smelting in oil-rich countries.
Primary aluminum as a complex adaptive system
Complex systems is an interdisciplinary field seeking to explain how numbers of relatively simple entities organize into collective evolving wholes without the benefit of a central controller [34] . Complex adaptive systems are more than the sum of their parts, exhibiting adaptive, dynamic, goal-seeking, self-preserving, evolutionary behavior. Choi et al. [8] provided a framework for adaptive supply chain networks (Table 2) :
Agents are the participants in a system. In the aluminum production system, these include producing firms, host countries, and customers. Agency is defined as the ability to meaningfully intervene in response to events. Firms used to operate as local monopolies or an oligopoly, setting prices and royalty rates as they chose. Host countries in the 1970s formed the Table 2 Complex adaptive system elements of supply chains International Bauxite Association to enable them to control events. Jamaica obtained 51 percent of Kaiser's facilities, and smaller proportions of other producer operations, while imposing a levy that has evolved into a tax. Guyana nationalized production facilities, while Suriname relied on taxation. Australian provincial governments had a pro-business policy, which led to international firms feeling much more comfortable in shifting production in the direction of Australia despite what had been considered an inferior ore quality. Self-organization and emergence arise in complex adaptive systems due to simultaneous and parallel actions of agents. Emergence is the arising of new, unexpected structures, patterns, properties, or processes. In the aluminum production system, the formation of the IBA can be viewed as an inducement to increased production in Australia, with actual reduction of production in the more militant IBA countries such as Jamaica, Guyana, and Suriname. Another emerging change has been the rapid development of all phases of the primary aluminum sector in China. Co-evolution is an important CAS concept [18] .
The level of connectivity in a network is a factor in network complexity. Because It is not frangible, capital intensive refineries tend to be tied to mine sites. Jamaica, Guyana, and Suriname took actions to gain pricing and operational control away from the firms that had operated pretty much as they pleased up until 1970. The independent action of Australia within the IBA led to the ineffectiveness of that cartel. New refineries have developed in places such as Ireland and Spain that have good sea-lane linkages to smelting sites with low-cost energy such as Iceland and Norway. Alumina is more frangible, making isolated locations with lowcost energy such as the Middle East viable locations for new smelters.
Dimensionality of a complex adaptive system is defined as the degrees of freedom that individual agents have. Controls act as negative feedback to reduce dimensionality, while rules and regulations ensure constraint on individual agent behavior. The IBA was unable to successfully impose constraint on industry growth in Australia as opposed to expected growth in the Caribbean. Confiscatory policies in Jamaica, Guyana, and Suriname can be seen to have backfired, enabling new linkages in the Pacific.
A system's environment consists of external agents and their interconnections. In the primary aluminum sector, this can be seen to be customer and non-IBA government response. The demand for aluminum was strong in the 1970s, but declined with the economy in the 1980s. The dynamism involved changes in agent connections as demand for primary aluminum ebbed and ultimately expanded in the 1990s. During waning demand periods, alternative sources soon took over for the three Caribbean bauxite producers mentioned, with all of their bauxite production declining after 2008 while that of Australia and China continue to grow and Brazilian and Indian production levels seem relatively stable. There also was major upheaval in formerly communist countries. The USSR and Yugoslavia were major players in the industry. The succeeding states continue to be involved, but under a number of new state entities. This change in environment represents the rugged landscapes attributed to complex adaptive systems.
Co-evolution involves feedback through cooperation or resistance among agents. In the primary aluminum production sector, new balances arose resulting in quasi-equilibrium and state change. Bauxite production in 1990 was radically different than that of 1970, with Jamaica, Guyana, and Suriname still producing, but at the same or lower levels than in 1970, while massive increases have been seen in Australia, Guinea, Brazil, and India. In the alumina sector, the USA was the leading producer in 1970, but in 2012 had had about 60 percent of the 1970 production level while China has surged to nearly double the next highest producer (Australia). In primary aluminum production China is again forging to the top.
Non-linear change has been demonstrated in the unintended consequences occurring for Jamaica, Guyana, and Suriname. While there is no objective proof, it very much appears that industry response to the governmental actions of those countries has led to limited maintenance of activity in those countries and massive shift to Australia, China, India, and Brazil. A lot of this change of course is due to the emergence of China as a massive producer of practically all goods in the past 20 years. But some of the other change can be attributed to non-linear consequences.
The primary aluminum sector certainly demonstrates non-random future. New alumina entrants in Ireland and Spain as well as aluminum growth in the Middle East represent a pattern of emergence that the IBA members had not anticipated.
Systemic features of the primary aluminum system
Taking this framework, we apply it to the example of the global aluminum industry (Table 3) . Table 3 Linkage of complex adaptive system elements and the aluminum production system 
Conclusions
Marchi et al. [35] proposed an analytical framework for understanding supply chains as complex adaptive systems. They proposed the following strategies that might enable supply chains to cope with the turbulence and disruptions that occur in chaotic environments:
1. Promotion of interactions -linking upstream and downstream elements of a supply chain in a closer manner. 2. Encouraging autonomy -enabling flexibility in supplier relationships, supported by information and knowledge exchange. 3. Encouraging learning -seeking improved responsiveness to change and competitive advantages. 4. Recognizing creative space -learning and creating novelty leading to new market opportunities and technologies.
5. Developing capabilities to guide emergent effects positively -changes are sometimes negative, and supply chain management needs to identify and develop capacities to steer change to a positive direction.
The global primary aluminum industry saw a number of key events over the period 1970-2000.
• The International Bauxite Association was formed in the early 1970s.
• In the 1980s Australian mining interests operated in competition with rather than in cooperation with the IBA, gaining a large market share.
• In the late 1980s the Chinese government encouraged free market development.
• In 1990 communism for the most part was replaced with new freer market economies.
These events represent major changes in the world aluminum industry domain. Formation of the IBA made governments a major player in the primary aluminum industry, wresting some control from the firms that had dominated a formerly vertically integrated industry. Australian development swung the weight of control back away from the IBA, with Australian mines feeding its own refineries as well as those of Japan and China. China continues to develop new bauxite deposits and has become independent as a producer, increasing its production to a massive scale and emerging as a major exporter. Formerly communist countries in Europe meanwhile have seen major decreases (especially Yugoslavia) and adjustment (in Russia and the formerly Soviet states involved in aluminum).
A number of systemic features are observed. The interconnections of agents have seen a great deal of shifting alliances and cooperation. Bauxite production appeared to be dominated by the Caribbean in the 1970s. The 1980s saw Australian production boom. The 1990s and 2000s have seen China emerge as the leading producer. The downstream supply elements of alumina refining and aluminum smelting are following that trend. Additionally, new alumina facilities have grown in Ireland and Spain, on shipping routes to smelting facilities using energy available in Iceland and Norway. Meanwhile, the excess energy from petroleum in the Middle East is being harnessed to smelt aluminum in Saudi Arabia, the UAR, Dubai, Iran, and other Gulf States.
The butterfly effect of systems is present. Small changes in the system have had major impact. The founding of the IBA led to major changes in the system, not quite what the leaders of Jamaica may have intended. Systemic changes have a degree of irreversibility, and Australia and China emerge as leading producers and will continue to do so, mostly because this system requires massive capital investment. Aluminum firms in the private sector have survived, adapting to new realities. But they have less control over the system. Goldin and Mariathasan [36] considered the inherent systemic risk in globalization.
In the primary aluminum industry, we see adaptive behavior in two phases. First, the IBA broke the central hierarchical control of oligopolies, but were in turn overshadowed by Australia. This can be viewed as a market entity replacing a highly vertically integrated industry. Dynamics of the system were further provided by the breakup of communism. Russian production was highly innovative, researching alternative means of obtaining aluminum oxide through alunite and other materials. After the fall of the USSR, this source disappeared because it didn't prove to be economic under the new circumstances of profit orientation. Further goalseeking is demonstrated by China, which counters the move to a free market with a different form of centralized control. All producers seek self-preservation, but economics can be seen to lead to shifts in trade patterns.
There has been unanticipated emergence demonstrated by Australian bauxite, taking over from the Caribbean in great part. The primary aluminum system has exhibited a possibly autopoeitic life of its own in transforming from a hierarchical system controlled by oligopolistic firms to a market system that has seen great growth in not only Australia but in China. In addition to the developments related to firm/producer country developments, the collapse of communism has played a role. Yugoslavia was becoming a major player in the industry, and while its remnants continue to produce, it is understandable that production there has declined. The Soviet Union's successor states also continue to play a role, with Russia relying on the aluminum industry as a means of production to gain economic ground.
The biggest message of observing the world primary aluminum industry is the emergence of supply chains of independent actors working together instead of a centralized hierarchy. This is not universal, as China is more of a controlled centralized decision making entity. Yet it participates in many international supply chains, making the aluminum industry an interesting example of a complex adapting system.
